Background: Psychiatric disorders such as attention-deficit/hyperactivity disorder may negatively impact drug compliance and the prognosis of enuresis. However, existing studies regarding associations between lifetime psychiatric disorders and childhood enuresis are primarily from Western countries, and studies from Taiwan are lacking. Methods: We conducted a population-based retrospective cohort analysis using the Taiwan Longitudinal Health Insurance Database 2010. A total of 1,146 children with enuresis (ICD-9-CM code: 307.6) and 4,584 randomly selected sex-and age-matched controls were identified between January 1, 1997 and December 31, 2011. Logistic regression was used to estimate the odds ratios (ORs) and 95% confidence intervals (CIs) for the development of psychiatric disorders in the children with enuresis. Results: Enuresis was more common in the younger children, and the rate was significantly higher in boys (58.7%) than in girls (41.3%). A total of 171 patients (14.9%) in the enuresis group had at least one psychiatric diagnosis vs 259 (5.7%) in the control group (p<0.001). Multivariate analysis showed that the presence of enuresis increased the odds of developing major depressive/dysthymic disorder (OR=2.841, 95% CI: 
Introduction
Enuresis is defined as involuntary voiding of urine into clothes or bed in children aged 5 years old or older. On the basis of the time of occurrence, enuresis can be further divided into three subtypes, including diurnal enuresis, nocturnal enuresis and combined according to the Diagnostic and Statistical Manual of Mental Disorders. 1 In contrast, the International Children's Continence Society restricts a spontaneous annual remission rate of approximately 15%. In the majority of cases, parents consider enuresis to be a self-limiting problem, and therefore the decision of when to seek medical advice varies. Despite its high prevalence, prior studies have reported that only 2.1% to 55% of the parents of children with nocturnal enuresis seek medical care. 6, 7 A number of studies have reported an association between enuresis and an increased risk of attention-deficit /hyperactivity disorder (ADHD), and 4.1% to 74.9% of subjects with enuresis have been reported to have ADHD. [8] [9] [10] [11] [12] ADHD has also been reported to be a risk factor for persistent nocturnal enuresis after treatment. 13 However, associations between other psychiatric disorders and enuresis are controversial. Ghanizadeh et al reported a higher incidence of oppositional defiant disorder (ODD) in children with ADHD and enuresis, 14 and a large population-based study from the United Kingdom reported higher rates of conduct disorder (CD), major depressive/dysthymic disorder (MDD), and anxiety disorders in children with enuresis. 15 In contrast, a national study from the United
States did not find any associations between CD and anxiety disorders and enuresis. 8 Previous studies have reported that urbanization and racial/ethnic differences are associated with different risks of developing mental disorders. 16 However, the existing studies regarding the occurrence of psychiatric disorders in children with enuresis are primarily from Western countries, and studies from Taiwan are lacking. In addition, the risk of comorbid psychiatric disorders in boys relative to girls with enuresis has received relatively little attention. Therefore, the aims of this study were (1) to examine the effects of urbanization on enuretic children who seek medical evaluation and treatment, (2) to determine the association between enuresis and lifetime psychiatric disorders, and (3) to examine sex differences in the association between psychiatric disorders and enuresis in Taiwanese children.
Materials and Methods

Data Source
The Taiwanese National Health Insurance (NHI) program 
Level of Urbanization
In Taiwan, urbanization is divided into seven strata based on population density (people per km 2 ), percentage of residents with college level or higher education, percentage of people over 65 years of age (elderly), percentage of residents who are agricultural workers, and number of physicians per 100,000 people. 17 We further classified the urbanization level as urban (levels 1-2), suburban (levels 3-4), and rural (levels 5-7).
Psychiatric Disorders
We investigated associations between enuresis and the following psychiatric disorders: MDD (ICD-9-CM: 296.2, 296.3, 300.4, 311), bipolar disorder (ICD-9-CM: 296.0, 296.1, 296.4, 296.5, 296.6, 296.7, 296.80, 296.81, 296.89), ADHD (ICD-9-CM: 314), autism spectrum disorder (ASD) (ICD-9-CM: 299), anxiety disorders (ICD-9-CM: 300.0, 300.1, 300.2, 300.5, 300.6, 300.7, 300.8, 300.9), schizophrenia (ICD-9-CM: 295), ODD (ICD-9-CM: 313.81), CD (ICD-9-CM: 312), and tic disorder (ICD-9-CM: 307.2). Disruptive behavior disorders (DBD) included ODD and CD.
Intelligence disability (ICD-9-CM: 317, 318, 319) was also examined. The presence of psychiatric disorders before and after the children were diagnosed with enuresis was identified.
Statistical Analysis
Continuous data were described as means and standard deviations (mean ± SD), and examined using the t-test. Categorical data were expressed as numbers and percentages, First, we compared demographic data and psychiatric disorders between the enuresis group and non-enuresis group using Fisher's exact test or the chi-square test. We then performed univariate logistic regression analysis to assess the associations between enuresis and psychiatric disorders. Results were reported as odds ratios (ORs) and 95% confidence intervals (CIs). We further estimated the ORs of developing psychiatric disorders in the children with enuresis after adjusting for sex, age, and urbanization in multivariate logistic regression analysis. All statistical analyses were performed using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). P values of < 0.05 were considered to indicate statistical significance.
Results
Clinical Characteristics
The demographic characteristics and lifetime psychiatric disorders of the subjects are shown in 
Association Between Enuresis and Psychiatric Disorders
Results of the multivariate logistic regression analysis after adjusting for age, sex and level of urbanization to compare the risks of psychiatric disorders between the enuretic and non-enuretic cohorts are shown in Tables 3 and 4 show the associations between psychiatric disorders in the boys and girls with enuresis, respectively. For both sexes, enuresis was significantly associated with MDD, ADHD, anxiety disorders, intelligence disability, DBD and tic disorder. The OR of the patients with enuresis suffering Note: Adjusted for sex, age and urbanization. Note: Adjusted for age and urbanization.
from ASD was significantly higher in the boys (OR=2.649; 95% CI, 1.309, 5.357) but not in the girls (OR=1.322; 95% CI, 0.137, 12.742). In sex-stratified analysis, the boys had a higher OR of developing MDD and ASD than the girls. However, the ORs of ADHD, anxiety disorders, intelligence disability, DBD disorder and tic disorder were much higher in the girls with enuresis than in the boys with enuresis.
Discussion
Enuresis is a common problem in children. Controversy with regards to the pathophysiology of enuresis has existed for many years. A higher risk of enuresis has also been reported in boys than in girls. In the current study, the boys had a 1.42-fold higher rate of enuresis than the girls, which is consistent with previous studies. 3 In addition, our findings also support previous research that enuresis occurs more commonly at a younger age, and then tends to decrease with age. Epidemiological studies have reported that children with enuresis are two to four times as likely to have behavioral problems as children without enuresis. 18, 19 Our results are consistent with the previous studies, in that 14.9% of the children with enuresis had psychiatric disorders, and they were 2.968-fold more likely to have psychiatric disorders than those without enuresis. The rates of associated psychiatric disorders except ADHD in the present study were all much lower than the rate reported in a previous study. 15 The high rate of co-morbidity of enuresis and ADHD (predominantly the inattentive type) has been thoroughly studied. 8, 12 Shreeram at al. reported that the OR of having ADHD in children with enuresis was 2.88. 8 In the current study, ADHD was the most common psychiatric disorder associated with enuresis, and 9.8% of the children with enuresis were diagnosed with ADHD compared to 3.4% of those without enuresis. We also found that the children with enuresis had a 3.156-fold increased odds of having ADHD compared to those without enuresis. In our enuresis cohort, the rate of comorbidity with ADHD was similar to that reported by von Gontard et al 20 but lower than that reported in a specialized tertiary care setting. 10 Several studies recruiting children with ADHD reported that 12.1-32% of the children also had clinical symptoms of enuresis, [21] [22] [23] which supports that enuresis may coexist with ADHD and vice versa. In addition to ADHD, it has been demonstrated that enuretic children have higher rates of psychiatric disorders such as depressive problems, 15 ODD, 15 CD, 15 obsessive- 26 ASD, 27 and anxiety disorders. 15 We found higher odds of having MDD, ADHD, ASD, anxiety disorders, intelligence disability, DBD and tic disorder in the children with enuresis in multivariate logistic analysis. However, anxiety disorders other than DBD 15 were the second most common comorbid psychiatric disorders in the current study. Males have been reported to be at a greater risk of ADHD and enuresis and also other psychiatric disorders such as ASD, intellectual disability and communication disorders, Tourette syndrome, ODD, CD, and schizophrenia, while female predominance has been observed in adolescent-onset emotional disorders such as depressive and anxiety disorders. 28 We also investigated whether or not enuresis was a sex-dependent risk factor for ADHD and other psychiatric disorders. Both the boys and girls with enuresis had more psychiatric problems, but surprisingly, we found that the girls with enuresis had higher odds of developing ADHD as well as DBD, tic disorder, and intelligence disability, compared with the boys, which is in contrast to previous clinical studies. 29 Consistent with previous epidemiological studies, we also found that the girls had a higher rate of anxiety disorders. This higher odds of ADHD and other psychiatric disorders in girls may be because girls are more likely to visit a healthcare provider for behavioral problems or emotional issues than boys. The etiologies of both enuresis and ADHD are multifactorial and controversial. There are some similarities between these two disorders, and researchers have shown that both primary nocturnal enuresis and ADHD appear to be heritable, with a complex inheritance model, 30 ADHD may negatively impact drug compliance and the prognosis of enuresis, and one study reported a noncompliance rate of 48% in patients with coexisting ADHD. 35 In addition, children with ADHD have been reported to be three times more likely to have persistent enuresis into adolescence or young adulthood. 13 Effective ADHD medications such as methylphenidate, 36 tricyclic antidepressants, and atomoxetine 37 have been reported to be effective for enuresis. In contrast, drugs used for the treatment of coexisting psychiatric disorders in patients with ADHD such as second-generation antipsychotic drugs may cause enuresis. 38 Coexisting psychiatric disorders should be taken into consideration during the assessment and treatment of children with both enuresis and ADHD. Moreover, clinicians should closely monitor the adherence to medications, their effects and any adverse events.
To the best of our knowledge, this is the first study with the largest sample size to provide evidence of the significant associations between enuresis and an extensive range of psychiatric disorders in children and adolescents in Taiwan over a 15-year study period. Most previous studies of the psychiatric problems associated with enuresis have been based on questionnaires and parent-or teacher-reported behavioral problems, leading to the possibility of over-or under-estimation of the psychiatric problems. The use of a nationwide population-based database of health care in our study avoided selection bias when recruiting the study subjects and avoided recall bias when filling out questionnaires. In addition, the diagnoses of enuresis and psychiatric disorders in this study were validated in medical evaluations by board-certified physicians and psychiatrists, resulting in better diagnostic validity. Nevertheless, there are several limitations related to the LHID 2010 database. First, it lacks information on annual household income, parental education, and family history of enuresis, which are known risk factors for enuresis. Second, the diagnoses of enuresis and psychiatric disorders were dependent on ICD codes used in the NHIRD database, and so children with enuresis who did not seek professional help for either enuresis, ADHD or another psychiatric disorder may have resulted in underestimation of the prevalence of enuresis or psychiatric disorders. Third, the exact proportions of day wetters only, day and night wetters, and nocturnal enuretics only were not available in our enuretic cohort as the definition of enuresis has been revised over the past years, and varied definitions of enuresis are used by different specialists. The enuretic cohort therefore potentially included some day wetters only or day and night wetters which may have impacted the prevalence of comorbidities of psychiatric disorders. 39 
Conclusions
Based on the results of the current and previous studies, children with enuresis have an increased rate of psychiatric disorders, with ADHD being the most prevalent. Further studies are needed to elucidate the mechanisms between
